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TRAMRITION-META- -HATAI YZED PRO ^P-Q-Q POR THE COMVFRSION OF ALKENES TO 
gTPRinALLY HINnFRt=r> SUBSP Ti iTFn M.AI KOXYAMINES 

This invention pertains to a novel process for preparing sterically hindered N- 
substituted aikyloxyamines from alkenes by the transition-metal-catalyzed reaction of an 
intermediate alkylborane with a sterically hindered nitroxyl radical. 

Baeknround ^ Invention 

N-alkoxyamines derivatives of sterically hindered amines are prepared generally from 
the corresponding amines or the N-oxyl derivatives using a hydroperoxide in the presence of 
a small amount of a metal Ion catalyst In a hydrocatton organic solvent as described in US 
4,921,962. 

An alkyi borane is generally prepared by the hydroboration of an alkene with borane 
as described by H.C. Brown. J. Am. Chem. Soc., 82. 1960, p4708.4712: J. Org. Cham., 22. 
1957 p1136- Organic Synthesis via boranes. Wiley and Sons, NY. 1975, p 17-18. In 
addition. Brown also described the coupling ( yield <7(y^ ) of a hydroborated alkene in situ 
by stoichiometric amount of silver nitrate In the presence of alkali, J. Am. Chem. Soc, 83. 
1962 p1001; J. Am. Cham. Soc. 83, 1962. p1002. Brown proposed that the aforementioned 
reaction Is the coupling of alkyI radicals generated by a silver alkyl. The kinetics of the 
decomposition of the silver alkyls is also studied by C.E.H. Bawn. J. Chem Soc, 1960, 
3923; Further evidence Is observed by G.M. Whitesldes where n-alkyl(tri-n- 
butylphosphine)sllver (I) can be themnally decomposed to give alkyl radicals which is 
subsequently trapped by stoichiometric 2.2,6.6-tetramethylpiperidlne-1-oxyl (TEMPO) in 
moderate to poor yield (65%); J. Am. Chem. Soc, 96. 1974, p 2806-2813. 

» 

The instant invention provides a novel process for the preparation of sterically 
hindered alkoxyamlnes In a non-oxidative reaction medium. This allows a variety of 
functional groups on the starting N-oxyl derivatives without the need of protection ( 4-keto or 
4-hydroxy-TEMPO give corresponding N-ethoxy product in >95% yield). Furthemiore. the 
instant invention can produce primary alkoxyamlne den/iatives which is not possible in the 
sited hydropero)dde process. 
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The instant Invention also provides corresponding products In very high to nearly 
stoichiometric ( > 90% ) yield at low temperature. Unlike the sited references, the Instant 
process can be operated from stoichiometric to a 1% molar catalytic system along with 
significant higher yields than sited. In addition, the instant process can be operated in an 
alcoholic or aqueous medium at ambient temperature which is not operative as described by 
Whitesides. 

The instant invention allows the facile synthesis of N-alkyloxy hindered amines from 
alkenes which are gases, for example, an N-ethyloxy hindered amine from ethene. 



Detailed Disclosure 

The instant invention pertains to a process for preparing a sterically hindered amine 
of formula I, II, III, IV, Vor VI 
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which process comprises 

reacting a corresponding sterically hindered nitroxyl compound of formula la, lla, Ilia, 
IVaorVa 




with an alkylborane of fonnula 
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L Rg J 



n 



or reacting two equivalents of tlie sterically hindered nitroxyl of formula la with a cyclic 
or bis alkylborane of formula 



■R4 

-a 



or 



0R« 



RgO^ 



R5O' 



R3 R4 R4 'OR- 

-° ) ( ° ) ( ° 



'3 y^^' *^ 



Ri R2 Ra R, 
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in presence of a transition metal, 
wherein 



Eis 







^1 

—i 









El is 



A R4 R3 



Ri Rg Rg Ri 
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n is 1 to 3, 

R is hydrogen, all<yl of 1 to 18 carbon atoms, arall<yi of 7 to 15 carbon atoms, aryl of 6 
to 10 carbon atoms, hydroxyl, carboxyl, amino, all<ylamino of 1 to 18 carbon atoms, 
dialkylamino of 2 to 36 carbon atoms, oxo, alkylthio of 1 to 18 carbon atoms, aikoxy of 1 to 
18 carbon atoms, aryloxy of 7 to 15 carbon atoms, benzoyloxy, alkylcarbonyioxy of 2 to 18 
carbon atoms or aikylcarbonylamino of 2 to 18 carbon atoms, 

R, to R4 are independently hydrogen, halogen, alkyi of 1 to 18 carbon atoms, aralkyi 
of 7 to 15 carbon atoms, aryl of 6 to 10 carbon atoms, alkylthio of 1 to 18 carbon atoms, 
aikoxy of 1 to 18 carbon atoms, aryloxy of 7 to 15 carbon atoms, 

or Ri and Ra together with the carbon atoms to which they are attached form a 
cycloalkylene of 5 to 1 8 carbon atoms or said cycloalkylene intermpted by 1 to 3 nitrogen, 
oxygen or sulfur atoms; or said cycloalkylene substituted by 1 to 3 halogen, alkyI of 1 to 1 8 
carbon atoms, aralkyi of 7 to 15 carbon atoms, atyl of 6 to 10 carbon atoms, alkylthio of 1 to 
18 carbon atoms, aikoxy of 1 to 18 carbon atoms or aryloxy of 7 to 15 carbon atoms, 

Rs is hydrogen, alkyI of 1 to 18 carbon atoms, cycloalkyi of 5 to 12 carbon atoms, 
aralkyi of 7 to 15 carbon atoms or aryl of 6 to 10 carbon atoms, 

Re and Ryare Independently alkyi of 1 to 8 carbon atoms, or Re and R7 together are 
tetramethylene or pentamethylene, 

X is -CHa-. -0-. -S-, or -NRe-, 

Rb Is hydrogen or alkyI of 1 to 12 carbon atoms, 

Q is a direct bond or is methylene of 1 to 12 carbon atoms or said methylene 
intentipted by 1 or 2 nitrogen, oxygen or sulfur atoms, 

Ea is alkylene of 2 to 12 carbon atoms and 



G is chloro or -N(2-ethylhexyl)2 . 
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Halogen is for example chloro, bromo and iodo. 

AlkyI is a straight or branched chain of for example 1 to 30 carbon atoms, for 
instance, 1 to 18 carbon atoms or 1 to 12 carbon atoms, and is.for example methyl, ethyl,. n- 
propyl, n-butyl, sec-butyl, tert-butyl, n-hexyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, n- 
undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-hexadecyl or n-octadecyl. 

CycloalkyI groups are for example of from 5 to 12 carbon atoms and include cycloctyl, 
cyclohexyl, cyclopentyl, cydodecyl, norbomyl, 3-methylcyclohexyl and 4-methylcyclohexyi; 
typical cycloalkenyl groups include cyclohexenyl. 

Cycloalkylene is a divalent cycloalkyi group as defined herein. A cycloalkylene 
intenupted by a heteroatom is for example 3-pyranyl. 

AralkyI groups are for example of 7 to 9 carbon atoms and include benzyl, alpha- 
methyl-benzyl, alpha,alpha-dimethylbenzyl or phenethyl. 

Aryl is for instance phenyl, napthyl and biphenyl. 

Alkoxy and aryloxy groups are defined as for the present alkyi and aryl groups. 

Where Q is a direct bond, the group Ei may be derived from for example dipentene 
(limonene) or 1 ,3-butadiene. The hindered amines of fomiula VI are produced from the 
reaction of two equivalents of nitroxyls of formula la with a cyclic or bis alkylborane. It is also 
comtemplated that nitro)Qrts of fomiula lia-Va may likewise be reacted with cyclic or bis 
alkylboranes of this invention to produce bridged products. 

Styrenes are a suitable alkyene for the present process, for example styrene or a- 
methylstyrene. 
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Indeed, the Instant compounds can be made directly from nitroxides which are 
commercially available such as TEMPO (1.oxyl-2,2,6.6-tetramethylpiperidine). 4- 
OXOTEIVlPO (1 -oxyl-2,2,6,6-tetramethyl-4-oxopiperidine) and di-tert-butyl nitroxide. 

- In the instant invention, an alkene is converted to a NOR HALS by the transition- 
metal-catalyzed reaction of an intemnediate alkylborane with a stable nitroxyl readical. The 
alkylborane can be isolated or bepared in situ by any number of known methods, in general, 
prior free radical methods (cite Winter patent) gives mixtures of isomers. The instant 
invention tends in many cases to give a single isomer which was previously unavailable. For 
example, the process of the instant invention with tri-n-octylborane with 4-hydroxy-2.2.6.6- 
tetramethylpiperidine-1 -oxyl gives a NOR HAI^ with predominate amount of the product 
where the oxygen of the NOR is bonded to a primary carbon atom of the octane. Prior free- 
radical processes give a mixture of NO-octyl isomers where the oxygen is predominently 
bonded to secondary carbon atoms. The selectivity In the instant invention has an 
advantatage in isolation and purification of the products, as well as simplifying toxicological 
studies of the product in end use areas. Furthermore, the non-oxidative method of the 
instant invention minimizes by-products as a result of non-selective oxidation in other free 
radical processes. 

The transition-metal catalyst of the instant invention mainly belongs to group 10 or 1 1 
(also known as 10 and IB), for example sliver and gold. The transition-metal metal may be 
used in about stoichiometric or catalytic quantity. When used in about stoichiometric amount, 
the metal is. for example, used in an amount from about 50 mole % to about 200 mole % 
relative to the amount of nitroxyl compound (fomiulae la. Ila. Ilia. IVa. Va) present. When 
used catalyUcally. the metal is preferably used at 5 to 0.1 mole % of stoichiometric quantity 
(i.e. relative to the amount of nitroxyl compound), for example, about 5 mole %, or about 1 
mole % (e.g. in the range 0.1 to 2 mole %). and in the presence of a Cu(ll)/oxygen co- 
catalyst. 

The copper (II) / oxygen co-catalyst comprises Ou^* and oxygen. The copper (11) part 
of the co-catalyst is preferably a copper (II) salt such as copper (11) acetate or copper (II) 
sulfate. The co-catalyst keeps the transition metal, e.g. the silver or gold, in the appropriate 
oxidation state for the reaction. The oxygen part of the co-catalyst may be introduced as a 
static oxygen blanket or Introduced directly into the reaction mixture. The oxygen may be 
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introduced as atomspheric oxygen or a mixture of oxygen with anotfier inert gas or gases. 
The Cu(H) is nnainly used between 0.1 and about 5 mole percent, preferable 5 mole percent. 

Upon completion of the reaction, the transition metal, e.g. silver metal, precipitates 
from solution and may be recovered. . 

The solvent is for example water, a mixture of water and tetrahydrofuran, alcohol, a 
mixture of alcohol and tetrahydrofuran or a mixture of water and alcohol. Alcohol is for 
example methanol, ethanol and propanol, 

The process may conveniently be carried out between about 0 and about 1 00 
degrees C, preferably between about 20 to about 40 degrees C. 

The instant invention also pertains to a composition stabilized which comprises 

(a) an organic material subject to degradation by heat, light or oxygen, and 

(b) an effective stabilizing amount of a compound of formula I, II III, IV, V and/or VI as 
described above. 

. For example, the organic material is a natural, semi-synthetic or synthetic polymer, 
especially a themioplastic polymer. 

In another embodiment, the polymer is a polyolefin or polycarbonate; for example, 
polyethylene or polypropylene; or Is polypropylene; or the polymer is a styrenic, ABS, a 
nylon, a polyester such as poly(ethylene terephthalate) or poIy(butylene terephthalate), a 
polyurethane, an acrylate, a rubber modified styrenic, poly(vinyl chloride), poly(vinyl butyral), 
polyacetal (polyoxymethylene), poly(ethylene naphthalenedicarboxylate), or other blends or 
copolymers such as poly(ethylene/1 ,4-cyclohexylenedimethylene terephthalate) PETG or an 
ionomer as described on page 29. 

In another embodiment of the instant invention, the organic material is a resin 
selected from the group consisting of a thennoset acrylic melamine resin, an acrylic urethane 
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resin, an epoxy carboxy resin, a silane modified aciylio melamine. an acrylic resin with 
carbamate pendant groups crosslinked with melamine or an acr^ic polyol resin crosslmked 
with melamine containing carbamate groups. 

For example, the resin is a thermoset acrylic melamine resin or an acrylic uretbane 



resin. 



,n yet another embodiment of the instant invention, the organic material is a recording 



material. 



The recorting matertels acoortng to the ^wentlon a« suteble for pressuro^nsltlve 
copying systems, photocopying systen,s using microoapsules, heat-senslti™ oopymg 
systems, photographic materials and ink let printing. 

The recording materials according to the Invention are distinguished liy an 
unexpected improvement In quality, especially «ith regard to the fastness to Irght. 

The recording materials according to the Invention have the constmctlon known for 
the particular use. They consist of a customary carrier, for example, paper or plastic ftlm, 
Which has been coated with one or more layers. Depending on the type of matenal, th^ 
lays,, contain me appropriate necessary components. In the case of photograph, mmen^, 
for example, silver halide emulsions, dye <x>uple., dyes «nd «» »Ke. Ma.er«l par.K=ulariy 
suitableforlnkietprinsng has a layer partlouiariy absorptive forink on a ^mary earner^ 
Uncoated paper can also be employed for hk jet printing. In this case the paper a* at the 
same Ume as the carrier material and as .»« Ink-absorbent layer. Suitable matenal for ,nk ,et 
printing is. for example, described In United States Patent No. 5.073,446 which is 
incorporated herein by reference. 

The recording material can also be transparent as. for example, in the case of 
projection films. 

The compounds of fomtula I, II HI, IV, V, VI can be Incoiporated into the carder 
material as earV as the produdion of me latter, in the produoSon of paper, for exar.p e. 
being added to the paper pulp. A second method of application Is to spray the carder 
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material with an aqueous solution of compounds of formula I, II III. IV, V and/or Vi, or to add 
the compounds to the coating composition. 

Coating compositions intended for transparent recording materials suitable for 
projection cannot contain any particles which scatter light, such as pigments and fillers. 

The dye-binding coating composition can contain a number of other additives, for 
example, antioxidants, light stabilizers (including also UV absorbers which do not fall under . 
the scope of the UV absorbers of this invention), viscosity improvers, fluorescent brighteners, 
biocides and/or antistatic agents. 

The coating composition is usually prepared as follows: the water-soluble 
components, for example, the binder, are dissolved in water and stirred together; the solid 
components, for example, fillers and other additives already described, are dispersed in this 
aqueous medium; and disperison is advantageously earned out by means of devices, for 
example, ultrasonic systems, turbine stirrers, homogenlzers, colloid mills, bead mills, sand 
mills, high-speed stirrers and the like. The compounds of fonnula I, II III, IV, V, VI can be 
easily incorporated into the coating composition. 

The recording material according to this Invention contains 1 to 5000 mg/m^; or 50- 
1200 mg/m^, of a compound of formula I, II, III, IV, V and/or VI. 

As already mentioned, the recording materials according to the invention embrace a 
wide field. The compounds of fomiula I, II III, IV, V or VIcan, for example, be employed in 
pressure-sensitive copying systems. They can be introduced either into the paper in order to 
protect the microencapsulated dye precursors there from light, or into the binder of the 
developer layer in order to protect the dyes fonned there. 

Photocopying systems using light-sensitive microcapsules which are developed by 
means of pressure are described in United States Patent Nos. 4,416,966; 4,483,912; 
4,352,200; 4,535,050; 4,535,463; 4,551,407; 4.562,137 and 4,608,330; and also in EP-A 
139.479; EP-A 162,664; EP-A 164,931; EP-A 237,024; EP-A 237,025 and EP-A 260,129. In 
all these systems, the compounds can be put Into the dye-receiving layer. The compounds 
can, however, also be put into the donor layer in order to protect the color formers from light. 
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Photographic materials which can be stabilized are photographic dyes and layers 
containing such dyes or precursors thereof, for example, photographic paper and films, 
suitable materials are. for example, described in United States Patent No. 5.364.749 which 
is incorporated herein by reference. The compounds of fomr.ula i. II III. IV. V or VI act here as 
a UV filter against electrostatic flashes. In color photographic materials, couplers and dyes 
are also protected against photochemical decomposition. 

The instant compounds can be used for all types of color photographic materials. For 
example, they can be employed for color paper, color reversal paper, dlrect-positive color 
material, color negatK/e film, color positive film, color reversal film and the like. They are used 
inter alia for photographic color material which contains a reversal substrate or fomi 
positives. 

color-photographic recording materials usually contain, on a support, a blue-sensitive 
and/or a green-sensitive and/or a red-sensitive silver halide emulsion layer and. » desired, a 
protection layer, with the instant compounds being, preferably, either In the green-sensifve 
or the red-sensitive layer or In a layer between the green-sensitive and the red-sensitve 
layer or in a layer on top of the silver halide emulsion layers. 

The compounds of fomiula I. II III. IV. V or VIcan also be employed in recording 
materials based on the principles of photopolymerizatlon. photoplasticizatlon or the rupture of 
microcapsules, or In cases where heat-sensltlve and light-sensitive diazonium salts, leuko 
dyes having an oxidizing agent or dye lactones having Lewis acids are used. 

Furthemiore. the Instant compounds can be employed in recording materials for dye 
diffusion transfer printing, themial wax transfer printing and non-matrix printing and for use 
with electrostatic, electrographic. electrophoretic. magnetographic and laser-electrophoto- 
graphic printers and pen-plotters. Of the above, recording materids for dye diffusion transfer 
printing are useful, for example, as described In EP-A 507.734. 

The instant compounds can also be employed in Inks, preferably for ink jet printing, 
for example, as described in United States Patent No. 5.098.477 which is incorporated 
herein by reference. 
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The compounds of this invention exhibit superior hydrolytic stability, handling and 
storage stability as well as good resistance to extractability when present in a stabilized 
composition. 

In general polymers which can be stabilized include 

1. Polymers of monoolefins and dioiefins, for example polypropylene, polyisobutylene, po- 
lybut-1-ene. poiy-4-methylpent-1 -ene, polyvinylcyclohexane, polyisoprene or polybutadiene, 
as well as polymers of cycloolefins, for instance of cyclopentene or norbomene, polyethylene 
(which optionally can be crosslinked), for example high density polyethylene. (HOPE), high 
density and high molecular weight polyethylene (HDPE-HMW), high density and ultrahigh 
molecular weight polyethylene (HDPE-UHMW), medium density polyethylene (MDPE), low 
density polyethylene (LDPE), linear low density polyethylene (LLDPE), (VLDPE) and 
(ULDPE). 

Polyolefins, i.e. the polymers of monoolefins exemplified In the preceding paragraph, prefe- 
rably polyethylene and polypropylene, can be prepared by different, and especially by the 
following, methods: 

a) radical polymerisation (normally under high pressure and at elevated temperature). 

b) catalytic polymerisation using a catalyst that normally contains one or more than one 
metal of groups IVb, Vb, VIb or VIII of the Periodic Table. These metals usually have 
one or more than one ligand, typically oxides, halides, alcoholates, esters, ethers, 
amines, alkyls, alkenyls and/or aryls that may be either %- or a-coordinated. These 
metal complexes may be in the free form or fixed on substrates, typically on 
activated magnesium chloride, titanium(lll) chloride, alumina or silicon oxide. These 
catalysts may be soluble or insoluble in the polymerisation medium. The catalysts 
can be used by themselves in the polymerisation or further activators may be used, 
typically metal alkyls, metal hydrides, metal alkyi halides, metal alkyi oxides or metal 
alkyloxanes, said metals being elements of groups la, ila and/or Ilia of the Periodic 



BMsnnnirv <wn nansaoaiAi i > 



PCT/EP02/14134 

WO 03/053931 

-13- 

Table The activators may be modified conveniently with further ester, ether, amine 
or silyl ether groups. These catalyst systems are usually temied Phillips. Standard 
Oil Indiana. Ziegler (-Natta). TNZ (DuPont). metallocene or single site catalysts 
(SSC). 

2. Mixture, of *,a powers men,oned under 1), for exanrple — ""^^^^ 

PC polypropylene w.m polyethylene (for example PP/HDPE, PP/U>PE) and 

mixtures ot different types of polyethylene (for example LDPBHDPE). 

3. copolymers of monooleflns and diolelins «*h each other or wim other vinyl monome^ 
for example ethylene/propylene copolymers, l»,ear low density polyethylene (ODPE) and 
mixtures thereof v*, low density polyeth^ene (LDPE), prop^ene*ut.1^e copolymers, 
propylene^sobutylene ccpo^ers, ethyleneftut-l^ne copolymers, ^^'^^l 
'ymers, ethylene/methylpentene copolymers, ethylene*eptene copolymer^ ethylene/oo^e,» 
copcyme,., ethyleneMnylcydohexane ct^olymers, ethylene/cydoolefln copolymers (e.g. 
ethylene/norbomene like OOC), emylene/l olefins copolymers, where ^■^" ^^'^ 
raJd in-situ; propylene*utadlene copo^rs. Isobutyleneflsoprene copolymers, ethyleneA, - 
nylcydohexene c»po^e., emylene/=JM ac-ylate copolymers, eth^ane/alM methaoyWe 
copolymers, ethyleneMnyl acetate copo^mers or ethylene/acrylic add copolymers andjhe, 
salts (ionomers) as we. as terpolymers of ethylene wHh propylene and a drane such as 
hexadlene, dicydopentadlene or ethyiidena-no,t>omene; and mlx^res of such oopolyme^ 
With one another and * powers menticned m 1) above, for example 
lene-propylene copo^ers, LDPE/eth^ene^yl acetate copdymers (EVA,, LDPE/eth^ ne- 
acr^lc add copolymers (EAA), ODPBEVA, LLDPBEAA and altemaUng or random polyal- 
kylene/carbon monoxide copol^. and mlxtees thereof with other polymer, for example 
polyamides. 

4. Hydrocarbon mains (for example <VC) induding hydrogenated modfrcaUons thereof 
(e.g. tackiflers) and mixtures of polyalkylanes and starch. 

Homopo^ers and copolymers from 1.) - 4.) may have any ^«-^*-^"2roI 
mc«c, isotactic, heml^cuc or atactic; «hare atactic polymers are preferred. Steraoblod< 

polymers are also included. 
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5. Polystyrene, poly(p-methylstyrene). poly(a-methylstyrene). 

6. Aromatic homopolymers and copolymers derived from vinyl aromatic monomers including 
styrene, a-methylstyrene, ail isomers of vinyl toluene, especially p-vinyltoluene, all isomers of 
ethyl styrene, propyl styrene, vinyl biphenyl, vinyl naphthalene, and vinyl anthracene, and 
mixtures thereof. Homopolymers and copolymers may have any stereostructure including 
syndiotactic, isotactic, hemi-isotactic or atactic; where atactic polymers are preferred. Ste- 
reoblock polymers are also included. 

6a. Copolymers including aforementioned vinyl aromatic monomers and comonomers selec- 
ted from ethylene, propylene, dienes, nitriles, acids, maleic anhydrides, maleimides, vinyl 
acetate and vinyl chloride or acrylic derivatives and mixtures thereof, for example styrene/bu- 
tadiene, styrene/acrylonitrile, styrene/ethylene (interpolymers), styrene/alkyi methacrylate, 
styrene/butadiene/alkyi acrylate, styrene/butadiene/alkyi methacrylate, styrene/maleic anhy-: 
dride, styrene/acrylonitrile/methyl acrylate; mixtures of high impact strength of styrene copo- 
lymers and another polymer, for example a polyacrylate, a diene polymer or an ethylene/pro- 
pylene/diene terpolymer; and block copolymers of styrene such as styrene/butadiene/sty- 
rene, styrene/isoprene/styrene, styrene/ethylene/butylene/styrene or styrene/ethylene/propy- 
lene/styrene. 

.6b. Hydrogenated aromatic polymers, derived from hydrogenation of polymers mentioned 
under 6.), especially including polycyclohexylethylene (PCHE) prepared by hydrogenating 
atactic polystyrene, often referred to as polyvinylcyclohexane (PVCH). 

6c. Hydrogenated aromatic polymers derived from hydrogenation of polymers mentioned 
under 6a.). 

Homopolymers and copolymers may have any stereostructure including syndiotactic, isotac- 
tic, hemi-isotactic or atactic; where atactic polymers are preferred. Stereoblock polymers are 
also included. 

7. Graft copolymers of vinyl aromatic monomers such as styrene or a-methylstyrene, for 
example styrene on polybutadiene, styrene on polybutadiene-styrene or polybutadiene-acry- 
lonitrile copolymers; styrene and acrylonitrile (or methacrylonitrile) on polybutadiene; styrene, 
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a^yonftHle and me«^ memacryiate on polybutacBana; atyrana and ma,a,c a^hydnd on 
p^ana; a^ane, ac^-Wa and ma,aio anhydrida or n^alaWda on po^^u^^^na^ 
JLe and malaimlda on polybutadlana; atyrana and alKy, acrylates o, n,amacn.a.as on 
p^^butadiana; a.y«na and aorylonWla on a*y.ane/prop^ana/dlana tarpolyn^ara; a^ana 
rnr^».a !:po,yan<y. ac,^,aa or po,a,M «a.s, styrene and a^^^^^^^ 

acylatluWana oopol^ara, as wall aa mWuras «,arao, * .ha copolymara Latad undar 
6Mor axampla tt.a copoWmar mixturas known as ABS. MBS, ASA or AES polymars. 

8. Hak>,an^ing po^ars such as po,y=n,oroprana. *lortna.ad mbPars oh,oH„aj«. 
and bro^mated oopolyma, of laobutylana-lsoprana (halobutyl rubbar), chlor,«.ad or auSo- 
ZZL polya-h^ane, copo^ars o, atbylana and *-^-«^^-V.ane,^P~.nn 
homo- and oopo^mera, aapaclally polymars o. haloaen-con,a,n,ng v,n^ " 
Inp^ po^n^ chlorlda, poly^nylldana chlorida, polyvinyl .luonda, po^ylKte a fluonda 
ZZ as ^iymara maraof auoh as viny. ohlortdaMn^Wana cblortda, .ny, oh,ondaA„n>. 
acetate or vinylidane ohIoridaArinyl acatate copolymers. 

9 peters derived from cP-unsa«.ratad adds and daHva«vaa *ereo. such as polyacry- 
latea and polyma*aoryla.as; polymathyl methacrylatas, polyacrylamldas and polyacrylon,- 
ttiles, impact-modmed with butyl aorylate. 

,0 copolymers of the monomers mantioned undar 9) with each other or with other unaatu- 
Id mZmera, .or example aoyionWa, buta*r» copo^era, acr,onM,e/a,kyi acryiata 
rZZars, acr^onltrila/^koxyalM ac^ta or acryioni^aMh^ hallde copoiymara or aery 
lonitrile/ alKyl methacrylataftutadlene terpolymers. 

,1 Poiymars dedvad from unsa«a,ad alcohola and an-naa or the ac^ dar^,a«vea or aca- 
1 .'10., for example po^n^ a.oho,, poly.n, aoeMe, po^ny, stearate po^.,n^ 
Zl.. M m^aaie, polyVny. butyr^, poiyaBy. ph*a«a or po^^l^ me^ne, aa 
wall as thair copolymats with olefins mentioned In 1) above. 

12 Homopolymars and copolymers o, cyclic ethers such aa po^M?na giyoob, polyamy- 
lena oxide, polypropylana oxide or copolymera thereof with blaglyddyl ethers. 
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IS. Polyacetals such as polyoxymethylene and those polyoxymethylenes which contain 
ethylene oxide as a comonomer; polyacetals modified with thermoplastic polyurethanes, 
acryiates or MBS. 

14: Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with styrene 
polymers or polyamides. 

15. Polyurethanes derived from hydroxyl-temilnated polyethers, polyesters or polybutadl- 
enes on the one hand and aliphatic or aromatic polyisocyanates on the other, as well as 
precursors thereof. 

16. Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or from 
aminocarboxylic acids or the corresponding lactams, for example polyamide 4, polyamide 6, 
polyamide 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, polyamide 11, polyamide 12, aromatic polyamides 
starting from m-xylene diamine and adipic acid; polyamides prepared from 
hexamethylenediamine and isophthallc or/and terephthalic acid and with or without an ela- 
stomer as modifier, for example poly-2,4,4,-trimethylhexamethylene terephthalamide or poly- 
m-phenylene isophthalamide; and also block copolymers of the aforementioned polyamides 
with polyolefins, olefin copolymers, ionomers or chemically bonded or grafted elastomers; or 
with polyethers, e.g. with polyethylene glycol, polypropylene glycol or polytetramethylene 
glycol; as well as polyamides or copolyamides modified with EPDM or ABS; and polyamides 
condensed during processing (RIM polyamide systems). 

17. Polyureas, polyimides, polyamide-imldes, polyetherimlds, polyesterimlds, polyhydantoins 
and polybenzimidazoles. 

18. Polyesters derived from dicarboxylic adds and diols and/or from hydroxycarboxylic acids 
or the corresponding lactones, for example polyethylene terephthalate. polybutylene tereph- 
thalate, poly-1 ,4-dimethylolcyclohexane terephthalate, polyalkylene naphthalate (PAN) and 
polyhydroxybenzoates, as well as block copolyether esters derived from hydroxyl-terminated 
polyethers; and also polyesters modified with polycarbonates or MBS. 

19. Polycarbonates and polyester carbonates. 



wo 03/(>53931 



PCT/EP02/14134 



-17- 



20. Polyketones. 

21 . Polysulfones, polyether sulfones and polyether ketones. 

22: Crosslinked polymers derived from aldehydes on the one hand and P^;-'^; ^j;^ 
melamines on the other hand, such as pheno^on^aldehyde resins, urea/formaldehyde re- 
sins and melamine/fomiaidehyde resins, 

23. Drying and non-drying alkyd resins. 

24 unsaturated polyester resins derfeed from copolyesters of sa«,ra.ed end unse^reted 
dicarboxylio adds v^m polyt,ydHc alcohote and vln,. compounds as crosslinkinfl aoents, and 
also halogen-containing modHlcatlons thereof of low flammablllty. 

25. C,osslin«e acrylic reshe derived from substtuted achates, for example epoxy ac^ 
lates. urethaneacrylates or polyester aorylates. - 

26 Alkyd resins, polyester resins and acrylate ree^ on»slinked with melamine resins, uree 
resins, Isocyanates, isocyanurates. polylsooyanates or epoxy resne. 

27 Crossiwed epoxy -e^ne derived ir^ allphafc oycloel»*atic, heterocyclic or aromatic 
^i^l oompounJ:, e.. p^ducts of d^^dy, ethe. of h^henol A and ^P-- ™ 

Z crossllnked wim customary hardeners s,^ ae a^ydrides or amines, w*. or vmhout 

accelerators. 

28. Namral po^e« such es ce»Uose, ,*ber, ge^th and "^f ;~,osI 
dedvatives thereof, for example c^lulose acetates, cellulose propionates end c*^ 
hutyra.^, or me cellulose ethers such ee meth^ cellulose; as well as rosms and their 



derivatives. 



29. Blends Of me aforementlohed polymeis (pdyblends), for ^'^^^^l"^'^' 
amWe/EPDM or ABS. PVC/EVA, PVO/ABS, PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA, 
PC^PBT PVCVCPE, PVC/ecrylates, POMm«m>optostlc PUR, PC/memioplasUo PUR, 
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POM/acrylate, POM/MBS, PRO/HIPS, PPO/PA 6.6 and copolymers, PA/HDPE, PA/PP, 
PA/PPO, PBT/PC/ABS or PBT/PET/PC. 

30. Aqueous emulsions of natural or synthetic rubber, e.g. natural latex or latices of carboxy- 
lated styrene/butadiene copolymers. 

31. Polysiloxanes such as the soft, hydrophilic polysiloxanes described, for example, in U.S. . 
Patent No. 4,259,467; and the hard polyorganoslloxanes described, for example, in U.S. 
Patent No. 4,355,147. 

32. Polyl<etimines in combination with unsaturated acrylic polyacetoacetate resins or with 
unsaturated acrylic resins. The unsaturated acrylic resins include the urethane acrylates, 
polyether acrylates, vinyl or acryl copolymers with pendant unsaturated groups and the 
acrylated melamines. The polyketimlnes are prepared from polyamines and ketones in the 
presence of an acid catalyst. 

33. Radiation curable compositions containing ethylenically unsaturated monomers or 
oligomers and a polyunsaturated aliphatic oligomer. 

34. Epoxymelamine resins such as light-stable epoxy resins crosslinked by an epoxy 
functional coetherified high solids melamine resin such as LSE-4103 (Monsanto). 

In general, the compounds of the priBsent Invention are employed in from about 0.01 
to about 5% by weight of the stabilized composition, although this will vary with the particular 
substrate and application. An advantageous range is from about 0.05 to about 3%, and 
especially 0.05 to about 1%. However, some high perfomiance films or in UV absorbing 
layers of laminates such as those produced by coextrusion may contain from 5-15% by 
weight of the instant compounds. Concentrations of 5-10% by weight are typical in certain 
coextrusion applications. 

The stabilizers of the instant invention may readily be incorporated into the organic 
polymers by conventional techniques, at any convenient stage prior to the manufacture of 
shaped articles therefrom. For example, the stabilizer may be mixed with the polymer In dry 
powder form, or a suspension or emulsion of the stabilizer may be mixed with a solution, 
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suspension. or emulsion of the polymer. The resulting stabilized polymer compositions of the 
invention may optionally also contain from aboutO.01 to about 5%. preferably from about 
0 025 to about 2%, and especially from about 0.1 to about 1 % by weight of various 
conventional additives, such as the materials listed below, or mixtures thereof. 



1 Antioxidants 

11. Alkvlatflri mnnQDhe ""'g , ^ example. 

2,6-di-tert-butyl-4-methylphenol 

2-tert-butyl-4,6-dimethylphenol 

2,6-di-tert-butyl-4-ethylphenol 

2,6-di-tert-butyl-4-n-butylphenol 

2,6-di-tert-butyl-4-i-butylphenol 

2,6-di-cyclopentyl-4-methylphenol 

2-(D-methylcyclohexyl)-4.6-dimethylphenol 

2,6-di-octadecyl-4-methylphenol 

2,4,6-tri-cyclohexylphenol 
2,6-di-tert-butyl-4-methoxymethylphenol 

1 .2. AlkvifltRd hvdroq "'»"pas. for example. 

2,6-dl-tert-butyl-4-methoxyphenol 
2,5-di-tert-butyl-hydroquinone 

2.5- di-tert-amyl-hydroquinone 

2.6- diphenyl-4-octadecyloxyphenol 

1 a. HvdroyY"*t'^f< ihiodiph ^^Y* ^^^'"p'' 

2,2'-thlo-bis-(6-tert-butyl-4-methylphenol) 

2,2'-thio-bis-(4-octylphenol) 

4,4'-thio-bis-(6-tert-butyl-3-methylphenol) 

4,4'-thio-bis-(6-tert-butyl-2-methylphenol) 
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1.4. Alkvlidene-bisDhenols . for example. 

2,2'-methylene-bis-(6-tert-butyl-4-methylphenol) 

2,2'-methylene-bis-(6-tert-butyl-4-ethylphenol) 

2,2'-methylene-bis-[4-methyl-6-(a-methylcyclohexyl)-phenol] 

2,2'-methylene-bls-(4-methyl-6-cyclohexylphenol) 

2,2'-methylene-bis-(6-nonyl-4-methylphenol) 

2,2'-methylene-bis-[6-(a-methylbenzyl)-4-nonylphenol] 

2,2'-methylene-bis-[6-(a,a-dimethylbenzyI)-4-nonylphenol] 

2,2'-methylene-bis-(4,6-di-tert-butylphenol) 

2,2'-ethylidene-bis-(4,6-cli-tert-butylphenol) 

2,2'-ethylidene-bis-(6-tert-butyl-4-isobutylphenol) 

4,4'-methylene-bis-(2,6-di-tert-butylphenol) 

4,4'-methylene-bis-(6-tert-butyl-2-methylphenol) 

1 ,1 .bis-(5-tert-butyl-4-hydroxy-2-methylphenyl)-butane 

2,6-di-(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol 

1 ,1 ,3-tris-(5-tert-butyl-4-hydroxy-2-methylphenyl)-butane 

1,1-bis-(5-tert-butyl-4-hydroxy-2-methylphenyl)-3-n-dodecylmercaptobutane 

ethyleneglycol bis-[3,3-bis-(3'-tert-butyl-4'-hydroxyphenyl)-butyrate] 

di-(3-tert-butyl-4-hydroxy-5-methylphenyl)-dicyclopentadiene 

di-[2-(3'-tert-butyl-2'-hydroxy-5'-methyl-ben2yl)-6-tert-butyl-4-methylphenyl]terephthalate. 

1.5. Benzyl compounds, for example. 

1,3,5-tri-(3,5-dl-tert-butyl-4-hydroxyben2yl)-2,4,6-trimethylbenzene 

di-(3,5-dl-tert-butyl-4-hydroxybenzyl) sulfide 
3,5-di-tert-butyl-4-hydroxybenzyl-mercapto-acetic acid isooctyl ester 
bis-(4-tert-butyl-3-hydroxy-2,6-dimemylbenzyl)dithiol terephthaiate 
1 ,3,5-tris-(3,5-di-tert-butyl-4-hydroxyben2yl) isocyanurate 
1,3,5-tris-(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyi) isocyanurate 
3,5-di-tert-butyl-4-hydroxybenzyl-pliosplioric acid dioctadecyl ester 
3,5-di-tert-butyl-4-hydroxybenzyl-pliosphoric acid monoethyl ester, calcium-salt 

1.6. AcvlaminQphenols - for example. 
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4-hydroxy-lauric acid anilide 
4-hydroxy-stearic acid anilide 

2,4-bis-octylmercapto-6-(3,5-tert-butyW-hydroxyanilino>^^^^^ 
octyl-N-(3,5-.di-tert-butyl-4-hydroxyphenyl)-carbamate 

1 7 P.t^r. of B,(35-Hi-tprt-h.itvl-4-hvc ^-vYr'---"Y')^^^^^^^ ^^'^ withmonohydric or 
poiyhydric alcohols, for example. 



methanol 
octadecanol 
1 ,6-hexanediol 
neopentyl glycol 
thiodiethylene glycol 
triethanolamine 



diethylene glycol 
triethylene glycol 
pentaerythrltol 

tris-hydroxyethyl isocyanurate 
di-hydroxyethyl oxalic acid diamide 
triisopropanolamine 



1 « ^.,.r.niM5^te --^^^^^^^^^^ monohydric or 

poiyhydric alcohols, for example, 



methanol 
octadecanol 
1 ,6-hexanediol 
neopentyl glycol 
thiodiethylene glycol 
triethanolamine 



dif thylene glycol 

triethylene glycol ' 
pentaerythrltol 

tris-hydroxyethyl isocyanurate 

di-hydroxyethyl oxalic acid diamide 
triisopropanolamine 



1 Amides of B- (^ '^-^'-t^rt4iutvM -^Y-^''-v^^ example, 

N.N'-di^3.5.di-tert-butyl-4-hydroxyphenyipropionyl)^^^^^ 

N,NW.5-di-tert-butyl-4-hydroxyphenylpropionyl^^^^^^ 

N,N'-di-(3,5-dl-tert-butyl-4-hydroxyphenylpropionyl)-hydrM^^ 



1.1Q Diarviamines. for example, 
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diphenylamine, N-phenyl-1-naphthylamine, N"(4-tert-octylphenyl)-1-naphthylamine. 4,4'-cli- 
tert-octyl-diphenylamine, reaction product of N-phenylbenzylamine and 2,4,4- 
trimethylpentene, reaction product of diphenylamine and 2,4,4-trimetliylpentene, reaction 
product of N-phenyl-1 -naphtliylamine and 2,4,4-trimetliylpentene. 

2, UV absorbers and light stabilizers 

2.1 . 2-(2'-HvdrQXVPhenvn-ben2otriazoles . for example, the 5 -methyl-, 3',5'-di-tert-butyl-, 5'- 
tert-butyl-, 5'-(1,1.3,3-tetramethylbutyl)-, 5-chloro-3',5'-di-tert-butyl-, 5-chloro-3'-tert-butyl-5'- 
methyl-, 3'-sec-butyl-5-tert-butyl-, 4'-octoxy, 3',5'-di-tert-amyl-, 3',5'-bis-(cx,a-dimethylbenzyl), 
3-tert-butyl-5'-(2-(omega-hydro)cy-octa-(ethyleneoxy)carbonyl-ethyl)-. 3'-dodecyl-5'-methyl-, 
and 3'-tert-buty[-5 -(2-octyloxycarbonyl)ethyl-, and dodecylated-5'-methyl derivatives. 

2.2. 2-Hvdroxv-ben2QDhenones. for example, the 4-hydroxy-, 4-methoxy-, 4-octoxy. 4- 
decyioxy-, 4-dodecyloxy-, 4-benzyloxy, 4,2',4-trihydroxy- and 2'-hydroxy-4,4'-dimethoxy 
derivatives. 

2.3. Esters of optionallv substituted benzoic acids for example, phenyl salicylate. 4-terl- 
butylphenyl salicylate, octylphenyl salicylate, dibenzoylresorcinoi, bis-(4-terl-butylbenzoyl)- 
resorcinol, benzoylresorcinol, 3,5-di-tert-butyl-4-hydroxybenzoic acid 2,4-di-tert-butylphenyl 
ester and 3,5-dl-tert-butyl-4-hydroxybenzoic acid hexadecyl ester. 

2.4. Acrvlates , for example, a-cyano-p,p-dipheny'acryIic acid ethyl ester or isooctyl ester, a- 
carbomethoxy-cinnamic acid methyl ester, ct-cyano-p-methyl-p-methoxy-cinnamic acid 
methyl ester or butyl ester, a-carbomethoxy-p-methoxy-cinnamic acid methyl ester, N-(p- 
carbomethoxy-p-cyanovinyl)-2-methyl-indoline. 

2.5. Nickel compounds , for example, nickel complexes of 2,2 -thio-bis-[4-(1, 1,3,3- 
tetramethylbutyl)-phenol], such as the 1:1 or 1:2 complex, optionally with additional ligands 
such as n-butylamine, triethanolamine or N-cyclohexyl-diethanolamine. nickel 
dibutyidithiocarbamate, nickel salts of 4-hydroxy-3,5-di-tert-butylbenzylphosphonic acid 
monoalkyi esters, such as of the methyl, ethyl or butyl ester, nickel complexes of ketoximes 
such as of 2-hydroxy-4-methyI-phenyl undecyl ketoxime, nickel complexes of 1-phenyl-4- 
lauroyl-5-hydroxy-pyrazole, optionally with additional ligands. 
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o « c..nr...i Y hindprPri amines, for example bis-(2,2,6,6-tetramethylpiperidyl) sebacate. bis- 
(1,2,2,6,6-pentamethylpiperidyl) sebacate. n-butyl-3.5-di-tert.butyl-4-hydroxyben2yl malonic 
acid bis-(1,2.2,6,6-pentanemethylpiperidyl)ester, condensation product of 1-hydroxyethyl- 
2.2,6,6-tetramethyl-4.hydroxypiperidine and succinic acid, condensation product of N.N'- 
(2,2,6,6-tetramethylpiperidyi)-hexamethylenedlamlneand4-tert-octylamino-2,6-dichloro-s- 

triazine,tris-(2,2,6,6-tetrametliylpiperidyl)-nitrllotriacetate.tetral<is-(2.2.6.6-tetrame 
piperidyl) 1 ,2,3.4-butanetetracarboxylate, 1,r(1,2-ethanediyl)-bis-(3,3.5.5- 
tetramethylpiperazinone). bis(1-octyloxy-2.2,6,6-tetramethylpiperidin-4-yl) sebacate. 

o-r nv.i.n.niridiamides. for example. 4.4'-di-octyloxy-oxanilide. 2.2'-di-octyloxy-5.5'-di-tert- 
butyl-oxaniiide, 2.2'-di-dodecyloxy-5,5'-di-tert-butyl-oxaniIide. 2-ethoxy-2'-ethyi-oxanilide. 
N,N'-bis (3-dimethylaminopropyl)-oxalamide. 2-ethoxy-5-tert-butyl-2'-ethyioxanilide and its 
mixture with 2-ethoxy.2'-ethyi-5.4'.di-ten-butyloxaniiide and mixtures of ortho- and para- 
methoxy- as well as of o- and p-ethoxy-disubstituted oxanilides. 

o o UYHrnv^ /phPnvi-s-triazines . for example 2.6.bls-(2.4.dimethylphenyl)-4.(2-hydroxy-4- 

octyioxyphenyl)-s.triazine:2.6.bls-(2.4-dimetliylphenyl)-4-(2.4.dihydroxyphenyl)-s-t^^^^^ 

24-bis(2,4-dihydroxyphenyl)-6-(4-chlorophenyl)-s-triazine;2.4-bisl2.hydroxy-4-(2.hydroxy^ 

eihoxy)phenyl]-6-{4-chlorophenyl)-s-triazine;2.4-bisl2-hydroxy-4-(2-hydroxy-4-^^^^^^ 

ethoxy)phenyl]-6-(2.4-dimethylphenyl)-s-triazine;2.4-bis[2-hydroxy-4-(2-hydro^^^^ 

phenyl]-6-(4-bromophenyl)-s-triazine;2.4-blsl2-hydroxy-4-(2-acetoxyethoxy)phenyl]^^^ 

.chlorophenyl)-s-trlazlne.2.4-bis(2.4-dlhydroxyphenyI)-6-(2.4Klimethylphen^^^^^^^^ 

rK M^tal deactivators, for example. N.N'-diphenyloxalic acid diamide. N-sallcylal-N'- 
salicyloylhydra2lne.N.N^bis-salicyloylhydrazine.N.N^bM3.5.dkert-buty|.4-hydr 

propionyO-hydrazine. 3.salicyloylamino-1.2.4.triazole. bis-benzylidene-oxalic acid 
dlhydrazide. 

. PHn.phit»..nHnhosDhonltes. for example, triphenyl phosphite, dlphenylalkyl phosphites, 
phenyldialkyi phosphites, tri-(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl 
phosphite, di-stearyl-pentaerythritol diphosphlte. trls-(2.4.dl-tert-butylphenyl) phosphite, di- 
isodecylpentaerythritol diphosphite. di-(2.4.6.tri-tert-butylphenyl)-pentaerythritol diphosphrte. 
di-{2.4-di-tert-butyl-6-methylphenyl)-pentaerythritol diphosphlte. di-(2.4<«-tert- 
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butylphenyl)pentaerythritol diphosphite, tristearyl-sorbitoi triphosphite, tetrakis-(2,4-di-tert- 
butylphenyl) 4,4-diphenylylenediphosphonite. 

5. Compounds which destroy peroxide , for example, esters of p-thiodipropionic acid, for 
example the lauryl, stearyl, myristyl or tridecyl esters, mercapto-benzimidazole or the zinc 
salt of 2-mercaptobenzimidazole, zinc dibutyl-dithiocarbamate, dioctadecyl disulfide, 
pentaerythritoltetrakis-(P-dodecylmercapto)-propionate. 

6. Hvdroxvlamines , for example, N,N-dibenzylhydroxylamine, N,N-diethylhydroxylamine, 
N,N-dioctylhydroxylamine, N,N-diiaurylhydroxylamine, N,N-ditetradecylhydroxylamlne, N,N- 
dihexadecylhydroxyiamine, N,N-dioctadecylhydroxylamine, N-hexadecyl-N-octadecyl- 
hydroxylamine, N-heptadecyl-N-octadecylhydroxylamine, N,N-dialkylhydroxylamine derived 
from hydrogenated tallow amine. 

7. Nitrones , for example, N-benzyl-alpha-phenyl nitrone, N-ethyt-alpha-methyl nitrone, N- 
octyl-alpha-heptyl nitrone, N-lauryl-alpha-undecyl nitrone, N-tetradecyl-alpha-tridecyl nitrone, 
N-hexadecyl-alpha-pentadecyl nitrone, N-octadecyl-alpha-heptadecylnitrone, N-hexadecyl- 
alpha-heptadecyl nitrone, N-octadecyl-alpha-pentadecyl nitrone, N-heptadecyl-alpha- 
heptadecyl nitrone, N-octadecyl-alpha-hexadecyl nitrone, nitrone derived from N,N- 
dialkylhydroxylamine derived from hydrogenated tallow amine. 

8. Amine Oxides , for example, tridecyl amine oxide, tridodecyl amine oxide, trihexadecyl 
amine oxide, tri(Ci2"Ci4 alkyi) amine oxide, tri(Ci6-Ci8 alkyi) amine oxide, tri(C20"C22 alkyl) 
amine oxide, di(Ci2-Ci4 alkyl) methyl amine oxide, di(Ci6-Ci8 alkyl) methyl amine oxide, 
di(C20"C22 alkyl) methyl amine oxide, di(tallow alkyl) methyl amine oxide, di(coco alkyl) methyl 
amine oxide. 

9. Polvamide stabilizers , for example copper salts in combination with iodides and/or 
phosphorus compounds and salts of divalent manganese, 

10. Basic c6-stabilizers . for example, melamine, polyvinylpyrrolidone, dicyandlamide, triallyl 
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides, polyurethanes, alkali 
metal salts and alkaline earth metal salts of higher fatty acids for example Ca stearate, Zn 
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stearate, Mg stearate. Na ricinoleate and K p^mitate. antimony pyrocatecholate or zinc 
pyrocatecholate. 

1. MMniP,«tina agents , for example, 4-tert-butyi.benzoic acid, adipic acid, diphenylacetic 
acid. 

p..,. .„...,nwnn agents, for example, calcium carbonate, silicates, glass fibers, 
asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides. cart.on black, 
graphite. 

1 3 Other additives, for example, plasticizers. lubricants, emulsiflers. pigments, optical 
brighteners. flameproofing agents, anti-static agents, blowing agents and thiosynergists such 
as dilauryl thiodipropionate or distearyl thlodipropionate. 

p,,,........»...nHindolinones. for example those disclosed in US-A-4325863 US-A- 

4338244 or US-A-5175312. or 3-[4-(2-acetoxyethoxy)phenyll-5,7-di.tert-butyl.benzofuran-2- 
one 5 7-di-tert-butyl-3-[4-(2.stearoyloxyethoxy)phenyllbenzofuran-2-one. 3.3'.bis[5.7.d.-tert- 
but^l-3-(4.[2-hydroxyethoxy]phenyl)benzofura^^^^^^ 

benzofuran-2-one. 3-(4-acetoxy-3.5-dimethylphenyl)-5.7.dl.tert-butyl-benzofur^^^^^ 3- 
(3.5-dimethyi-4-pivaloyloxyphenyl)-5.7-di-tert-butyl-benzofuran-2-one. 

The co-stabllizers. with the exception of the benzofuranones listed under 14. are 
added for example in concentrations of 0.01 to ^0%, relative to the total weight of the 
material to be stabilized. 

Further compositions comprise, in addition to components (a) and (b) further addi- 
tives, such as phenolic antioxidants, light stabilizers or processing stablteers. 

These additives are phenolic antioxidants (item 1 of the list), sterically hindered 
amines (item 2.6 of the list), phosphites and phosphonites (rtem 4 of the list). UV absorbers 
(item 2 of the list) and peroxide-destroying compounds (item 5 of the list). 

Additional additives (stabilizers) which are also the benzofuran-2-ones. such as 
described, for example. In US.A-4 325 863. US.A-4.338 244 or US.A-5175312. 
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For examples, the phenolic antioxidant is selected from the group consisting of n- 
octadecyl 3,5-di-tert-butyl-4-hydroxyhydrocinnamate, neopentanetetrayl tetrakis(3,5-di-tert- 
butyl-4-hydroxyhydrocinammate), di-n-octadecyl 3,5-di-tert-butyl-4- 
hydroxybenzylphosphonate, 1,3,5-tris(3,5-di-ten-butyl-4-hydroxybenzyl)isocyanurate, 
thiodiethylene bis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate), 1 ,3,5-trimethyl-2,4,6-tris(3,5- 
di-tert-butyl-4-hydroxybenzyl)benzene, 3,6-dioxaoctamethylene bls(3-methyl-5-tert-butyl-4- 
hydroxyhydrocinnamate) , 2,6-di-tert-butyl-p-cresol, 2,2'-ethylidene-bis(4,6-di-tert- 
butylphenol), 1 ,3,5-tris(2,6-dimethyl-4-tert-butyl-3-hydroxybenzyl)isocyanurate, 1 ,1 ,3,-tris(2- 
methyl-4-hydroxy-5-tert-butylphenyl)butane, 1,3,5-tris[2-(3,5-di-tert-butyl-4- 
hydroxyhydroclnnamoyloxy)ethyl]isocyanur ate, 3,5-di-(3,5-di-tert-butyl-4- 
hydroxybenzyl)mesitol, hexamethylene bis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate), 1- 
(3,5-di-tert-butyl-4-hydroxyanilino)-3,5-di(octylthio)-s-triazine, N,N'-hexamethylene-bis(3,5-di- 
tert-butyl-4-hydroxyhydrocinnamamide), calcium bis(ethyl 3,5-di-tert-butyl-4-hydroxybenzyl- 
phosphonate), ethylene bis[3,3-di(3-tert-butyl-4-hydroxyphenyl)butyrate], octyl 3,5-di-tert- 
butyl-4-hydroxybenzylmercaptoacetate, bis(3,5-di-tert-butyl-4- 
hydroxyhydrocinnamoyl)hydrazlde, and N,N'-bis[2-(3,5-di-tert-butyl-4- 
hydroxyhydrocinnamoyloxy)-eth yl]-oxamide. 

Another embodiment is the phenolic antioxidant which is neopentanetetrayl 
tetrakis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate), n-octadecyl 3,5-di-tert-butyl-4- 
hydroxyhydrocinnamate, 1,3,5-trimethyi-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzene, 
1 ,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate, 2,6-di-tert-butyl-p-cresol or 2,2'- 
ethylidene-bis(4,6-di-tert-butylphenol). 

The hindered amine compound is selected from the group consisting of bis(2,2,6,6- 
tetramethylpiperidin-4-yl) sebacate, 
bis(1 ,2,2,6,6-pentamethylpiperidin-4-yl) sebacate, 

di(1,2,2,6,6-pentamethylpiperidin-4-yl) (3,5-di-tert-butyl-4-hydroxybenzyl)butylmalonate, 
4-benzoyl-2,2,6,6-tetramethylpiperidine, 4-stearyloxy-2,2,6,6-tetramethylpiperidine, 3-n-octyl- 
7,7,9,9-tetramethyl-1 ,3,8-triaza-spiro[4.5]decane-2,4-dlone, 
tris(2,2,6,6-tetramethylpiperidin-4-yl) nltrilotriacetate, 

1,2-bis(2,2,6,6-tetramethyl-3-oxopiperazin-4-yl)ethane, 2,2,4,4-tetramethyl-7-oxa-3.20-diaza- 
21-oxodispiro[5.1J1.2] heneicosane, polycondensatlon product of 2,4-dichloro-6-tert- 
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octylamino-s.triazineand4.4^hexamethylenebis(amino-2.2.6.6-tetramethy^^^^ 
polycondensation product of i-(2-hydroxyethyl)-2.2.6.6-tetramethyl-4-hydroxypiperidine and 
succinic acid, polycondensation product of 4.4'-hexamethyienebls-(amino-2.2.6.6-tetra- 
metliylpiperidine) and 1 .2-dibromoethane, 

tetrakis(2,2,6.6-tetramethylpiperidin.4-yl) 1 ,2,3.4-butanetetracarbo)(yiate. 
tetrakis(1 ,2,2.6.6-pentamethylpiperidin-4-yl) 1 .2.3.4-butanetetracarboxylate, 
polycondensation product of 2,4-dichioro-6-morpholino-s-triazine and 4.4'- 
hexamethylenebis(amlno-2.2,6.6-tetramethy^plperidine).N,N^N^N-■-tetrakisl(4.6-bis(bu^^^ 

1 2 2 6 6.pentamethylpiperidin-4-yl)-amino.s-triazin-2-y IM.10-diam.no.4.7-diazadecane. 
mixed [2,2,6,6-tetramethylpiperidin-4-y^P.P.P\P'-tetrarnethyl-3.9-(2.4.8 .10-tetraoxaspiro[5.5]- 
undecane) dietiiyl] 1,2,3,4-butanetetracarboxylate, 

mixed [1 .2,2.6.6-pentamethylpiperidin-4-yl/p.P.P'.P'-tetramethyl-3,9-(2.4 .8.10- 
tetraoxaspiro[5.5]undecane)diethyll 1 .2.3.4-butanetetracarboxylate. octamethylene 
bis(2.2,6,6-tetramethylpiperidin-4-carboxylate), 

44'-ethylenebls(2.2.6,6-tetramethylp.perazin-3-one).N-2.2.6.6.tetramethylpiperidin-4-yl-n- 
dodecylsuccinirnide.N-1.2.2,6.6-pentamethyIplperldln-4.yl-n-dodecylsuccinimide.N-1-acety^^ 

2 2 6 6-tetramethylplperldin-4-yln-dodecylsuccinlmide. l.acetyl3-dodecyI-7.7.9.9-tetramethyl- 
138-triazaspiro[43]decane.2,4.dione.dK1-octyloxy-2.2.6.6-tetramethylpiperi 

sebacate, di-(1-cyclohexyloxy-2,2.6.6-tetramethylpiperidln-4-yl) succinate. 1.octyloxy-2.2.6.6. 

tetrametliyl-4-iiydroxy-piperidine.poly-{l6-tert-octylamino-s-tria2in-2.4<lly^^^^^^ 

cycioliexyloxy.2.2.6.6-tetramethylplperidin.4.yl)innlno.hexamethylene-[4-(1-cyclohe^^^^^ 

2.2.6,6-tetramethylpiperidln-4-yl)imino],and 2.4,6-tris[N-(1-cyclohexyloxy-2A6.6- 
tetramethylpiperidin-4-yl)-n-butylamino]-s-triazine. 

Another hindered amine compound is bls(2.2.6.6-tetramethylplperidin-4-yl) sebacate. 
bis(1.2.2.6,6-peritamethylpiperidin-4-yl) sebacate. di(1.2.2,6.6-pentamethyipiperidin-^^^^ 

(3.5-di-tert-butyl-4-hydroxybenzyl)butylmalonate. the polycondensation product of 1-(2- 
hydroxyethyl)-2.2.6.6-tetramethyl^-hydroxypiperidine and succinic acid, the 
polycondensation product of 2.4Klichloro-6-tert-octylamino-s-triazine and 4.4"- 
hexamethylenebis(amlno-2.2.6.6-tetramethylpiperidine).N.N^N^N-^^^^^^^ 
(12.2.6.6-pentamethylpiperidin-4-yl)amlno).s-triazlne-2-yl]-1.10-diamino-4.7.diazadecane. 

di-(1-octyloxy-2.2.6.6-tetramethylpiperidin.4.yl) sebacate. di-(1-cycl6hexyloxy-2.2, 
methylpiperidin.4-yl) succinate. i-octyloxy-2.2.6.6.tetramethyl-4-hydroxy-piperidine. poly-{[6- 
tert-octylamino-s.triazin.2.4.diyip-(1-cyclohexyloxy-2.2.6.6-tetra^ 
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hexamethyIene-[4-(1 -cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl)imino], or 2,4,6-tris[N- 
(1-cyclohexyloxy-2,2,6,64etramethylpiperidin-4"yl)-n-butylamino]-s^^ 

The instant composition can additionally contain another UV absorber selected from 
the group consisting of the benzotriazoles, s-triazmes, the oxanilides, the 
hydroxybenzophenones, benzoates and the a-cyanoacryiates. 

The instant composition may additionally contain an effective stabilizing amount of at 
least one other 2-hydroxyphenyl-2H-benzotriazole; another tris-aryl-s-triazine; or hindered 
amine or mixtures thereof. 

The 2-hydroxyphenyl-2H-benzotriazole is selected from the group consisting of 
2-(2-hydroxy-3,5-di-tert-amylphenyi)-2H-benzotriazole; 
2-[2-hydroxy-3,5-di(a,a-dimethylbenzyl)phenyl]-2H-benzotriazole; 
2-[2-hydroxy-3-(a,a-dimethylbenzyl)-5-tert-octylphenyl]-2H-benzotriazole; 
2-{2-hydroxy-3-tert-butyl-5-[2-(omega-hydroxy-octa(ethyleneoxy)carbonyl)ethyl]- 
phenyl}-2H-benzotriazole; 

5-chloro-2-(2-hydroxy-3,5-di-tert-butylphenyl)-2H-benzotriazole; 
5-chloro-2-(2-hydroxy-3-tert-butyl-5-methylphenyl)-2H-benzotriazole; 
2-(2-hydroxy-5-tert-octylphenyl)-2H-benzotriazole; and 
2-{2-hydroxy-3-tert-butyl-5-[2-(octyloxy)carbonyl)ethyl]phenyl}-2H'- benzotriazole. 

The other tris-aryl-s-triazine is selected from the group consisting of 

2,4-bis(2,4-dimethylphenyl)-6-(2-hydroxy-4-octyloxyphenyl)-s-triazine; 

2,4-diphenyl-6-(2-hydroxy-4-hexyloxyphenyl)-s-triazine; 2,4-bis(2,4-dimethylphenyl)- 
6-[2-hydroxy-4-(3-dO"/tri-decyloxy'2-hydroxypropoxy)phenyl]-s-triazine; and 

2-(2-hydroxyethylamino)-4,6-bis[N-butyl-N-(1-cyclohexyloxy-2.2,6.6-tetrameth^ 
piperidin-4-yl)amino]-s-triazine. 

The alkyd resin lacquers which can be stabilized against the action of light and 
moisture in accordance with the instant invention are the conventional stoving lacquers which 
are used in particular for coating automobiles (automobile finishing lacquers), for example 
lacquers based on alkyd/melamine resins and alkyd/acrylic/melamine resins (see H. Wagner 
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and H. F. Sarx. "Lackkunstharze" (1977). pages 99-123). Other crosslinking agents include, 
glycouril resins, blocked isocyanates or epoxy resins. 

The lacquers stabilized in accordance with the invention are suitable both for metal 
finish coatings and solid shade finishes, such as in the case of retouching finishes, as well as 
various coil coating applications. The lacquers stabilized in accordance wfth the inven.on are 
applied in the conventional manner by two methods, either by the single-coat method or by 
the two-coat method. In the latter method, the pigment-containing base coat is apphed first 
and then a covering coat of clear lacquer over it. 

,t is also to be noted that the compounds of the present invention are applicable for 
use in non-acid catalyzed thermoset resins such as epoxy. epoxy-polyester. vinyl, alkyd. 
acrylic and polyester resins, optionally modified with sificon. isocyanates or isocyanurates 
The epoxy and epoxy-polyester resins are crosslinked v.th convention^ crosslinkers such as 
acids, acid anhydrides, amines and the like. Correspondingly, the epo,dde may be ufthzed as 
the crosslinking agent for various acorlic or polyester resin systems that have been modified 
by the presence of reactive groups on the backbone stmcture. 

When used in two-coat finishes, the compounds of the instant invention can be 
Incorporated in the clear coat or both In the clear coat and in the pigmented base coat. 

When water-soluble, water miscible or water dispersible coating are desired 
ammonium salts of acid groups present In the resin are fomied. Powder coating composrtion 
can be prepared by reacting glycldyl methacrylate with selected alcohol components. 

The Instant benzotrlazoles are made by conventional methods for preparing such 
compounds. The usual procedure involves the diazotizatlon of a substituted o-nitroaniline 
followed by coupling the resultant diazonium salt with a substftuted phenol and reduction of 
the azobenzene Intemiedlate to the con-esponding desired benzotriazole. The starting 
materials for these benzotrlazoles are largely items of commerce or can be prepared by 
nomial methods of organic synthesis. 

While the instant benzotrtezoles with their enhanced durability are particularly suited 
,„r automouve coa«ng applications, It Is oontempWed that *ey wl« also be espelc^ly usen. 
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in other applications where their enhanced durability is required such as in solar films and the 
like. 

Still another embodiment of the instant invention is a composition which comprises 

(a) candle wax which is white and scented, white and unscented, dyed and scented, 
dyed and unscented, dipped and scented or dipped and unscented, and 

(b) an effective stabilizing amount of a compound of formula I, II lit, IV, V and/or VI as 
described above. 

It should be noted that candles contain a host of various components. The base 
materials may be made up of the following: 

paraffin wax, 
natural oils, 

poiyamide plus fatty acid/ester, 
fatty acids such as stearin, 
opaclfiers, 
beeswax, 

glycerides plus oxidized wax, 
alcohols, and 
ethylene oligomers. 

Candles also contain a number of additives such as the following: 

mold release agents, 
fragrances, 

insect repellants or insecticides, 

hardeners, 

crystal modifiers, 

clarifiers, 

guttering reducers, 
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colorants, 
f.p. control agents, 
stretchability improvers, 
gelling agents, 
extrusion aids, and - - 
vortex reducers. 

Each of the various components are meant to control or modify the properties of the 
candle to insure proper burning, reduce channelling, aid in unifomi melting, and the like. The 
colorants and fragrances obviously are there to provide the proper color, scent or other 
aesthetic appeal. 

Of increasing importance are the transparent gel candles which look like clear glass, 
but which bum like a classical candle. As is discussed In detail in United States Patent No. 
5 879 694 the relevant parts of which are incorporated herein by reference, these gel 
candles usually contain a copolymer selected from the group consisting of a triblock. radial 
block diblock or multiblock copolymer classically made up of at least two themiodynamically 
incompatible segments containing both hard and soft segments. Typical of such block 
copolymers is KRATON® (Shell Chemical Co.) which consists of block segments of styrene 
monomer units and rubber monomer or comonomer units. The most common structure found 
in KRATON® D series is a linear ABA block with styrene-butadiene-styrene (SBS) or 
styrene-isoprene-styrene (SIS). 

The following examples are for Illustrative purposes only and are not to be construed 
to limit the scope of the Invention in any manner whatsoever. 



Example 1 Compound 49: l.Ethoxy4-hydroxy-2.2,6,6-tetramethylpiperidine 
(1 mole triethylborane / 1 .5 mole silver nitrate / 3 mole sodium hydroxide) 
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compound 49 



Into a suspension of 2.15g (12.5 mmol) of 4-hydroxy"2,2,6,6-tetramethyl-piperidine-1- 
oxyl, 1.50g (37.5 mmol) of sodium hydroxide and 3.17g (18.8 mmol) of silver nitrate in 30 mL 
of water at ambient temperature under nitrogen is added dropwise 12.5mL (12.5 mmol) a 1M 
tetrahydrofuran solution of triethylborane. During addition, the temperature of the reaction 
mixture increases from 23**C to 40°C. After addition, the reddish color of the reaction mixture 
becomes colorless. Thin layer chromatography (50% ethyl acetate/heptane) shows no 
starting material. The reaction mixture is then extracted with total of 40 mL of ethyl acetate 
and dried over anhydrous sodium sulfate. Filtration is used to remove inorganic solids and 
the filtrate is concentrated to a crude off-white oil. The crude product is purified by dry- 
column flash chromatography (20:80/ ethyl acetaterheptane eluent) to give 1 .90g of an white 
crystalline solid in 75.7% yield : NMR ( CDCL3 ) ( 300.08 MHz ) 5 1 .12 ( t, CH3, 3H, 
^Jhh'=7.00Hz ) 1.19 ( s, CH3, 6 H ), 1.15 ( s, CH3, 6 H ), 1.81, 1,58, 1.45 ( overiapping m, 
CH2, 4 H), 3.78 ( q, CH2. 2H, ^Jhh'=7.10Hz ), 3.96 ( m, CH. 1H ). MS [M+1] 201. 

Elemental Analysis : 

Calcd. for C11H23NO2 : C, 65.63; H, 11.16; N, 6.96 
Found: C. 65.73; H. 11.16; N, 6.85 

Example 2 Compound 49: 1-Ethoxy-4-hydroxy-2,2,6,6-tetramethylpiperidine 
(0.3 mole triethylborane / 1 .5 mole silver nitrate / 3 mole sodium hydroxide) 
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The procedure of Example (1 ) is repeated using 2.15g (12.5 mmol) of 4-hydroxy- 
2 2 6 6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide. 3.17g (18.8 
mmol) of silver nitrate and 4.2mL (4.2 mmol) a 1 M tetrahydrofumn solution of triethylborane 
in 30mL of water at ambient temperature. The aforementioned work up gives 2.20g of crude 
off-white solid in 87.6% yield. 

Example 3 Compound 49: i-Ethoxy-4-hydroxy-2.2.6.6-tetram6thylpiperidine 

(1 mole triethylborane / 5% mole silver nitrate / 5% mole copper(ll) acetate / 3 mole sodium 
hydroxide / static oxygen) 

Into a suspension of 2.15g (12.5 mmol) of 4-hydroxy-2.2.6.6-tetramethyl-piperidine-1- 
oxyl 1.50g (37.5 mmol) of sodium hydroxide. HOrng (0.625 mmol) of silver nitrate and 
120mg (0.625mmol ) of copper (II) acetate monohydrate in 40 mL of water at ambient 
temperature and a static blanket of atmospheric oxygen is added dropwise 12.5mL (12.5 
mmol) a 1 M tetrahydrofuran solution of triethylborane After stining for 48 hours, no starting 
nitroxyl is detected by thin layer chromatography. The reaction mixture is then extracted with 
total of 40 ml of ethyl acetate and dried over anhydrous sodium sulfate. Filtration is used to 
remove inorganic and filtrate is concentrated to a cmde off-white oil. The product is purified 
by dry-column flash chromatography (20:80/ethyl acetate:heptane eluent) to gK/e 2.47g of a 
white crystalline solid in 98.4% yield. 

Example 4 Compound 49: i.Ethoxy-4-hydroxy-2.2.6.6-tetramethylpiperidine 
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(1 mole triethylborane / 1% mole silver nitrate / 5% mole copper(ll) acetate / 3 mole sodium 
hydroxide / static oxygen) 

The procedure of Example (3) is repeated using 2.1 5g (12.5 mmol) of 4-hydroxy- 
2,2,6,6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide, 21 mg (0.125 
mmol) of silver nitrate and 120mg (0.625mmol ) of copper (II) acetate monohydrate and 
12.5mL (12.5 mmol) a 1M tetrahydrofuran solution of triethylborane in 40mL of water at 
ambient temperature and a static blanket of atmospheric oxygen. The product is purified by 
dry-column flash chromatography (20:80/ethyi acetateiheptane eluent) to give 2.45g of a 
white crystalline solid in 97.6% yield. 

Example 5 Compound 49: 1-Ethoxy-4-hydroxy-2,2,6,6-tetramethylplperidine 

(1 mole triethylborane / 1% mole silver nitrate / 1% mole copper(ll) acetate / 3 mole sodium 
hydroxide / static oxygen) 

The procedure of Example (3) is repeated using 2.1 5g (12.5 mmol) of 4-hydroxy- 
2,2,6,6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide. 21 mg (0.125 
mmol) of silver nitrate and 24mg (0.125mmol ) of copper (II) acetate monohydrate and 
12.5mL (12.5 mmol) a 1M tetrahydrofuran solution of triethylborane in 40mL of water at 
ambient temperature and a static blanket of atmospheric oxygen. The product is purified by 
dry-column flash chromatography (20:80/ethyl acetaterheptane eluent) to give 2.31 g of a 
white crystalline solid in 92.0% yield. 

Exampie 6 Compound 49: 1-Ethoxy-4-hydroxy-2,2,6,6-tetramethylpiperidine 

(1 mole triethylborane / 1% mole silver nitrate / 5% copper(ll) acetate / 3 mole sodium 
hydroxide / bubbling air) 

The procedure of Example (3) is repeated using 2.1 5g (12.5 mmol) of 4-hydroxy- 
2,2,6,6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide, 21mg (0.125 
mmol) of silver nitrate and 120mg (0.625mmol ) of copper (11) acetate monohydrate and 
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12.5mL (12.5 mmol) a 1M tetrahydrofuran solution of triethylborane in 40mL of water at 
ambient temperature and a stream of air bubbling Into the reaction mixture. No starting 
nitroxyl is detected after one hour. The product Is purified by dry-column flash 
chromatography (20:80/ethyl acetatetheptane eluent) to give 2.40g of a white crystalline solid 
in 95.6% yield. 



Example? Compound 49: i-Ethoxy-4-hydroxy-2,2.6.6-tetramethylpiperidlne 

(0.3 mole triethylborane / 1% mole silver nitrate / 5% mole copper(ll) acetate / 3 mole 
sodium hydroxide / bubbling air) 

The procedure of Example (3) is repeated using 2.15g (12.5 mmol) of 4.hydroxy- 
2 2 6 6-tetramethyl-piperidine-1-oxyl. 1.50g (37.5 mmol) of sodium hydroxide. 21mg (0.125 
mmol) of silver nitrate and 120mg (0.625mmol ) of copper (II) acetate monohydrate and 
4 2mL (4.2 mmol) a 1 M tetrahydrofuran solution of triethylborane in 40mL of water at ambient 
temperature and a stream of air bubbling into the reaction mixture. No starting nitroxyl is 
detected after one hour. The product Is purified by dry-column flash chromatography 
(20:80/ethyl acetate:heptane eluent) to give 2.48g of a white crystalline solid in 98.8% yield. 

Examples Compound 177: l-Ethoxy-4-oxo-2.2.6.6-tetramethylpiperidine 
(1 mole triethylborane / 1 .5 mole silver nitrate / 3 mole sodium carbonate) 




The procedure of Example (1) is repeated using 2.12g (12.5 mmol) of 4-0X0-2.2.6,6- 
tetramethyl-piperldine-1-oxyl. 3.91g (37.5 mmol) of sodium carbonate and 3.17g (18.8 mmol) 
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of silver nitrate in 40 mL of water at ambient temperature under nitrogen is added dropwise 
12.5mL (12.5 mmol) a IIVI tetraliydrofuran solution of trietliylborane. The product is purified 
by dry-column flash chromatography (heptane eluent) to give 2.30g of a white crystalline 
solid in 93.5% yield : NMR ( CDCL3 ) ( 300.08 MHz ) 5 1.15 ( t, CH3, 3H, ^4hh'=7.10H2 ) 
1.16 { s, CH3, 6 H ), 1.30 ( s, CH3, 6 H ), 2.22 ( d, CH2, 2H, ^Jhh'=^272Hz\ 2.55 ( d, CH2, 
2H, ^4<H'=12.72Hz ) 3.87 ( q, CH2. 2H, ^Jhh'=7,1 OH2 ); MS [M+1] 200. 

Elemental Analysis : 

Calcd. for C11H21NO2 : C, 66.29; H, 10.62; N, 7.03 
Found: C, 66.14; H, 10.83; N, 6.89 

Example 9 Compound 177: .1-Ethoxy-4-oxo-2,2,6,6-tetramethylpiperidine 

(0.3 mole triethylborane / 1% mole silver nitrate / 5% mole copper(ll) acetate / 3 mole 
sodium carbonate / static oxygen) 

The procedure of Example (3) is repeated using 2.12g (12.5 mmol) of 4-0X0-2,2,6,6- 
tetramethyl-piperidine-1-oxyl, 3.91 g (37.5 mmol) of sodium carbonate, 21 mg (0.125 mmol) of 
silver nitrate and 120mg (0.625mmol ) of copper (II) acetate monohydrate and 12.5mL (12.5 
mmol) a 1 M tetrahydrofuran solution of triethylborane in 40mL of water at ambient 
temperature and a static blanket of atmospheric oxygen. No starting nitroxyl is detected after 
one hour. The product is purified by dry-column flash chromatography (heptane eluent) to 
give 2.15g of a white crystalline solid in 87.4% yield. 

Example 10 Compound 160/2: 1-Cyclohexyloxy-4-hydroxy-2,2,6,6-tetramethylpiperidine 
(1 mole tricyclohexylborane / 1 .5 mole silver nitrate / 3 mole sodium hydroxide) 
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compound 160/2 

into a solution of 2.85g ( 35mmoI ) of cyclohexene in 20 mL of tetrainydrofuran at 
ambient tempemture under nftrogen is added dropwise 12.5mL ( 1 2.5 mmol ) of a 1 M ^ 
tetrahydrofuran solution of borane. During addition, reaction temperature is kept under 35 C. 
Reaction mixture, after addition, is then heated to 40°C for 2 hours. After cooied to amb.ent 
temperature, the reaction is added dropwise into a suspension of 2.15g (12.5 mmol) of 4- 
hydroxy.2.2.6.6.tetramethyI.piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide and 
3 17g (18 8 mmol) of silver nitrate in 40 mL of water at ambient temperature under nitrogen. 
Thin layer ch^matography detects no more starting nitroxyi after 2 hours. Reaction mixture 
is extracted with 2 X 10mL of ethyl acetate and dried over sodium sulfate. Filtration removes 
inorganic and filtrate is concentrated to an off-white oil. Purification of product by dn^-column 
flash chromatography (20:80/ethyl acetate:heptane eluent) gives 3.14g of a white crystall.ne 
solid in 98.7% yield : NMR ( CDCL3 ) ( 300.08 MHz ) 8 1 .15 ( s. CH3. 6 H ). 1 .20 ( s. CH3. 
6 H). 1.22, 1.46 ( m. CHa. 4H ). 1.76. 1.81 ( m. CH. 10H ) 3.60 ( m. CH. 1H ). 3.90 ( m. CH. 
1H);MSIM+11256. 

Elemental Analysis : 

Calcd. for CsHaaNOa : C, 70.54; H. 1 1 .45; N. 5.48 
Found: C. 69.85; H.1 1.30; N. 5.22 



g,an,p,e11 compound 180: l.Butoxy-4-hydroxy-2.2.6,6-tetramethylpiperidine 

(0.3 mole tributylborane / 1% mole silver nitrate / 50/0 mole copper(ll) acetate / 3 mole 
sodium hydroxide / bubbling air) 
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compound 180 



The procedure of Example (3) is repeated using 2.15g (12.5 mmol) of 4-hydroxy- 
2,2,6,6-tetramethyl-piperidine-1-oxy1. 1,50g (37.5 mmol) of sodium hydroxide. 21 mg (0.125 
mmol) of silver nitrate and 120mg (0.625mmol ) of copper (II) acetate monohydrate and 
12.5mL (12.5 mmol) a 1M tetrahydrofuran solution of triethylborane in 40mL of water at 
ambient temperature and a stream of air bubbling into the reaction mixture. No starting 
nitroxyl is detected after one hour. The product is purified by dry-column flash 
chromatography (20:80/ethyl acetaterheptane eluent) to give 2.82g of a white crystalline solid 
in 98.6% yield : MS [M+1 ] 230. 

Example 12 Compound 181: 1-octyloxy-4-hydroxy-2,2,6,6-tetramethylpiperidine 

(1 mole trioctylborane / 1% mole silver nitrate / 5% mole copper(ll) acetate / 3 mole sodium 
hydroxide) 




compound 181 
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The procedure of Example (10) is repeated using 4.20g (37.5mmol ) of 1-octene in 
20mL of tetrahydrofuran, 12.5mL (12.5mmol ) of 1 M tetraiiydrofuran solution of borane, 
2.15g (12.5 mmol) of 4-liydroxy-2,2,6,6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of 
sodium hydroxide, 21 mg (0.125 mmol) of silver nitrate and 120mg (0.625mmol ) of copper 
(II) acetate monohydrate in 40 mL of water at ambient temperature and a static blanket of 
atmospheric oxygen. The product is purified by dry-column flash chromatography 
(20:80/ethyl acetate:heptane eluent) to give 3.40g of a colorless oil in 94.3% yield : NMR ( 
CDCLa ) ( 300.08 MHz ) □ 0.89 ( t, CH3, 3H ), 1 .15 ( s, CH3, 6 H ), 1 .20 ( s. CH3, 6H ). 1 .28 ( 
m. CH2, 10H ), 1.45 ( m, CH2, 2H ), 1.49 ( m, CH2, 2H ), 1.80 ( m, CH2, 2H ). 3.72 ( t, CH2. 
2H, 34<H=6.53Hz ), 3.96 ( m, CH, 1 H ); MS [M+1 ] 286. 

Elemental Analysis : 

Calcd. for C17H35NO2 : C. 71 .53; H, 1 2.36; N. 4.91 
Found: C, 71.23; H, 12.35; N. 4.67 

Example 13 Compound 178: 1-all<yloxy-4-hydroxy-2,2,6,6-tetramethylpiperidine 

(1 mole tri-all<ylborane / 1 .5% mole silver nitrate / 3 mole sodium hydroxide) 

**Alkyl is a mixture of alpha olefins range from CI 6 to CI 8 ( average CI 7 ) 

The procedure of Example (10) is repeated using 8.90g (37.5mmol ) of a mixture of 
alpha olefins range from C16 to C18 ( average C17 ) in 20mL of tetrahydrofuran, 12.5mL 
(1 2.5mmol ) of 1 M tetrahydrofuran solution of borane, 2.1 5g (1 2.5 mmol) of 4-hydroxy- 
2,2.6,6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide and 3.17mg 
(1 8.8 mmol) of silver nitrate In 50 mL of water at ambient temperature under nitrogen. The 
product is purified by dry-column flash chromatography (10:9Q/ethyl acetate:heptane eluent) 
to give 4.95g of a colorless oil in 96.5% yield. 

Example 14 Compound 179: 1-ali<yoxy-4-hydroxy-2,2,6,6-tetramethylpiperidinyl-1-oxyl 
(1 mole tri-ali<ylborane / 1 .5% mole silver nitrate / 3 mole sodium hydroxide) 



03053931A1 I > 



wo 03/053931 



PCT/EP02/14134 



-40- 



**Alkyl is a mixture of alpha olefins range from C1 8 to C30 ( average C22 ) 

The procedure of Example (10) is repeated using 1 1 .55g (37.5mmol ) of a mixture of 
alpha olefins range from C18 to C30 ( average C22 ) in 20mL of tetrahydrofuran, 1 2.5mL 
(12.5mmol ) of 1M tetrahydrofuran solution of borane, 2.15g (12.5 mmol) of 4-hydroxy- 
2,2,6,6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide and 3.17mg 
(18.8 mmol) of silver nitrate in 50 mL of water at ambient temperature under nitrogen. The 
product is purified by dry-column flash chromatography (10:90/ethyl acetateiheptane eiuent) 
to give 4.80g of a colorless oil in 80.0% yield. 

Example 15 1-Ethoxyl-4-acetoamido-2,2,6,6-tetramethyipiperidine 



The procedure of Example (1) is repeated using 2,66g (12.5 mmol) of 4-acetoamido- 
2,2,6,6-tetramethyl-piperidine-1-oxyl, 1.50g (37.5 mmol) of sodium hydroxide, 3.17g (18.8 
mmol) of silver nitrate and 12.5mL (12.5 mmol) a 1 M tetrahydrofuran solution of 
triethylborane in 40mL of water at ambient temperature. The aforementioned work up gives 
2.20g of crude off-white solid in 97.7% yield : NMR ( CDCU ) ( 300.08 MHz ) 5 1 .1 1 ( t, 
CHa, 3H, ^Jhh'=7.10Hz ), 1.17 ( s, CH3, 6 H ), 1.19 ( s, CH3, 6H ), 1.30. 1.75 ( m, CH2, 4H ), 
1.95 ( s, CH3, 3H ), 3.76 ( q. CH2, 2H, ^Jhh-=7.17Hz ). 4.13 ( m, CH, 1H ), 5.15 ( b, NH. 1H ); 
MS[M+1]243. 

Example 16 1 -Ethoxyl-2,5-diethyl-2,5-dimethylHmidazolidin-4-one 
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The procedure of Example (1) is repeated using 2.31g (12.5 mmol) of 2.5-diethyl-2.5- 
dimethyl-imida2olidin-4-one-1-oxyl. 1.50g (37.5 mmol) of sodium hydroxide. 3.17g (18.8 
mmol) of silver nitrate and 12.5mL (12.5 mmol) a 1M tetrahydrofuran solution of 
triethylborane in 40mL of water at ambient temperature. The aforementioned work up gives 
2 42g of crude off-white solid in 90.6% yield : NMR ( CDCU ) ( 300.08 MHz ) 5 0.97 ( t. 
CHa. 6H ), 1 .1 8 ( t. CH3, 3 H). 1 .34 ( S, CH3. 3H ). 1 .42 ( s. CH3. 3H ). 1 .61 . 1 .71 ( m. CH^. 4H 
), 3.83 ( q. CH2, 2H ). 5.53 ( b. NH. 1H ); MS [M+1] 215. 



Elemental Analysis : 

Caicd. for C^HaaNaOa : C, 61.65; H. 10.35; N. 13.07 
Found: C. 61 .63; H. 10.07; N. 12.64 
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WHAT IS CLAIMED IS: 



1. A process for preparing a sterically hindered amine of formula I, II, III, IV, V or VI 




Re 




7 T 



OE 



R, N 
I 

OE 



(II) 



■\ (III) 



OE 



(IV) 



I R? ^ 

OE 




EO — N V-OCO- 

■ Re 



(V) 



OE 




(VI) 



which process comprises 

reacting a corresponding sterically hindered nitroxyl compound of formula la, lia, Ilia, 
IVaorVa 
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With an alkylborane of formula 



R3 R4 -"n 



or bis alkylborane of fomiula 
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in presence of a transition metal, 
wherein 



Eis 




n is 1 to 3, 

R is hydrogen, ailcyl of 1 to 18 carbon atoms, aralkyi of 7 to 15 carbon atoms, aryl of 6 
to 10 carbon atoms, hydroxy!, carboxyl, amino, alkylamino of 1 to 18 carbon atoms, 
dialkylamino of 2 to 36 carbon atoms, oxo, alkylthio of 1 to 18 carbon atoms, all<oxy of 1 to 
18 carbon atoms, aryloxy of 7 to 15 carbon atoms, benzoyloxy, a!I<ylcarbonyloxy of 2 to 18 
carbon atoms or alkyicarbonylamino of 2 to 18 carbon atoms, 
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iw\ I { 1 to 1 8 carbon atoms, aralkyl 

.,^B,«.e..*.ec.,^.— ^^^^^ . 

^ .».s, ^ o. 7 .0 ^"^^ 0. 7 « 15 oa^cn a»n,a, 

18 oatbon a»ms. alkoxy of 1 to 18 oaiton 

R.lshydro9on,a«<vlotito ^„„,Bms, 

, ^ rf, B 8 cartjon atoms, or and R, together are 
. R,,ndR,are independently alkyl oil to 8 oar 

tetramethyleneorpentamathylene, 

Xls-CHr.-0-.-S-. or -NIV. 

u^A «t 1 tn 12 carbon atoms, 
Rb is hydrogen or alkyl of 1 to i^ca 

. * 1 to 12 carbon atoms or said methylene 
, Qisadirectbondorismethyleneo1to12jrbon 

interrupted by 1 or 2 n-^ogen, oxygen or sulfur atoms. 
E.isallcyleneof2to12carbonatomsand 

Qischloroor-N(2-ethylhexylV 
,,p.ocessaccordingtod^mlwhereinXismeth^ene. 

, .p^essaccordingtociaimlwhereinBishydrogen.hydro>^.oxoor ^^^^ 
acetamido; „r «ikvi of 1 to 18 carbon atoms; or Ri and R2 together 

anCR.andR,areea*mem,tore.hyl. 
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4. A process according to claim 1 where the sterioally hindered amine is 

1 -octyloxy-4-hydroxy-2.2,6,6-tetramethylpiperidine, 

1-ethoxyl-2,5-diethyl-2,5-dimethyl-jmidazolidin-4-one, 

1-butoxy-4-hydroxy-2,2,6,6-tetramethylpiperidine, 

1 - C1 8 to C30 alkyoxy-4-hydroxy-2,2,6,6-tetramethylplperidiny! or 

1 -CI 6-C1 8alkyloxy-4-hydroxy-2,2,6,6-tetramethylplperidine. 

5. A process according to claim 1 where the transition metal catalyst is used in an 
amount from about 50 mole % to about 200 mole % relative to the amount of the sterioally 
hindered nitroxyl compound, or in a catalytic amount together with a Cu(II)/oxygen co- 
catalyst. 

6. A process according to claim 1 where the transition metal catalyst contains silver 

or gold. 

7. A process according to claim 5 where a copper (II) / oxygen co-catalyst is used, 
preferably containing copper (II) acetate or copper (II) sulfate. 

8. A process as in claim 7 where oxygen is introduced as atomspheric oxygen or 
a mixture of oxygen with another inert gas or gases. 

9. A process according to claim 1 wherein a solvent is used selected from water, a 
mixture of water and tetrahydrofuran, alcohol, a mixture of alcohol and tetrahydrofuran or a 
mixture of water and alcohol such as methanol, ethanol and propanol. 

10. A process according to claim 1 carried out between 0 and 100 degrees 
centigrade. 



11, A process according to claim 5 where the catalytic amount of transition metal is 
0.1 to 5 mole percent of the sterioally hindered nitroxyl compound. 
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